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ABSTRACT 

The operational envelopes 
mission to Littrow are defined by a 

for a possible Apollo 15 
locat ng the t me required 

for all non-traverse activities and determining the time remain- 
ing for the traverses. Two EVA's are planned for, and mission 
planning is based upon the accomplishment of all surface objec- 
tives within the nominal EVA. 

The primary geological objectives at Littrow are: 

1. Sample mare material and compare it with that re- 
turned by Apollo 11. 

2.  Observe, photograph and sample the ridge structure. 

3 .  Sample the mantling material and determine its age 
and composition. L 

4 .  Investigate the contact between the ridge and mantlinj 
with particular attention to age sequence. 

The 4 0  minutes available for a geological traverse in the nominal 
EVA 1 may be used to meet the first objective. Inclusion of the 
Heat Flow Experiment in the ALSEP complement would eliminate the 
time available for a geological traverse on this EVA. A circuit 
consisting of 1.2 hours of walking and just under 1 1/2 hours of 
scientific activities at sampling stations may be used to accom- 
plish the three remaining geological objectives on the second EVA. 

If a third EVA were to be considered, it could be used to 
visit the Serenitatis Bench, to reexamine interesting observations 
made on previous traverses, or to investigate other areas of 
interest. Consideration may also be given to deployment of ALSEP 
on EVA 2 or to splitting deployment between the first two EVA's. 
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MEMORANDUM FOR FILE 

The o p e r a t i o n a l  envelopes f o r  an Apollo 15  mission t o  
Li t t row* are de f ined  by a l l o c a t i n g  t h e  t i m e  r equ i r ed  f o r  a l l  
non- t raverse  a c t i v i t i e s  and determining t h e  t i m e  remaining 
f o r  t h e  traverses. I t  i s  assumed t h a t  t h e  s u r f a c e  t i m e l i n e  
format w i l l  be t h e  s a m e  as t h a t  which i s  planned f o r  u s e  on 
Apollo 14, wi th  a p p r o p r i a t e  changes t o  account  f o r  d i f f e r e n c e s  
i n  hardware and conf igu ra t ion .  Two EVA'S are planned f o r ,  each 
nominally 4 hours i n  l eng th ,  w i t h  p o s s i b l e  ex tens ions  t o  4 1 / 2  
o r  5 hours  i n  rea l  t i m e .  T h i s  assumes t h e  a v a i l a b i l i t y  of only 
t h e  -6 PLSS. Mission planning i s  based upon t h e  accomplishment 
of a l l  s u r f a c e  o b j e c t i v e s  wi th in  t h e  nominal EVA. 

EVA TIMELINES 

The f irst  EVA, shown i n  F igure  1, i s  devoted l a r g e l y  
t o  ALSEP deployment and r equ i r ed  overhead a c t i v i t i e s .  ALSEP 
on Apollo 15  i s  e s s e n t i a l l y  the  same as t h a t  planned for Apollo 
1 2  -- t h e  Array A conf igu ra t ion .  A c t i v i t i e s  associated w i t h  
ALSEP r e q u i r e  j u s t  under 1 1/2  hours.  Some cons ide ra t ion  i s  
being given t o  t h e  i n c l u s i o n  of t h e  H e a t  Flow Experiment (HFE) 
t o  t h e  ALSEP complement. T h i s  would extend t h e  ALSEP r e l a t e d  
a c t i v i t i e s  by 4 0  minutes .  As on Apollo 14, t h e  Modular Equipment 
T ranspor t e r  (MET) i s  deployed e a r l y  i n  t h e  f i r s t  EVA and i s  
used t o  c a r r y  t h e  hand t o o l s ,  samples and sample bags,  b u t  no t  
ALSEP, on a l l  traverses.  A f t e r  a l l  o t h e r  a c t i v i t i e s  are 
accounted f o r ,  only 4 0  minutes remain fo r  a g e o l o g i c a l  t r a v e r s e  
on t h e  nominal EVA 1. If t h e  HFE i s  added t o  t h i s  miss ion ,  no 
t i m e  remains fo r  a geo log ica l  t r a v e r s e  i n  t h i s  EVA. 

Only a f e w  experiments are conducted near  t h e  LM i n  
t h e  beginning of EVA 2 ,  shown i n  Figure 2 .  The 5 minutes 
allocated t o  MET loading  may be used for  LRV r e l a t e d  experiments 
w i t h  t h e  MET i f  i t s  conf igu ra t ion  a t  t h e  t e rmina t ion  of EVA 1 
i s  adequate f o r  immediate use i n  EVA 2.  The nominal t r a v e r s e  
i s  2 hours and 35 minutes long,  af ter  a l l  other  a c t i v i t i e s  have 
been provided f o r .  

TRAVERSE OBJECTIVES 

The landing  s i t e  proposed by GLEP i s  near  t h e  crater 

L i t t r o w  i s  c u r r e n t l y  one of s e v e r a l  cand ida te  si tes under 
c o n s i d e r a t i o n  f o r  Apollo 15.  

1 
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L i t t r o w  B a t  t h e  S e r e n i t a t i s  Bench on t h e  e a s t e r n  edge of Mare 
S e r e n i t a t i s .  The S e r e n i t a t i s  Bench, a p l a t e a u  between t h e  
mare mater ia l  and t h e  rugged h ighlands  which surround Mare 
S e r e n i t a t i s ,  i s  covered by a dark m a t e r i a l ,  o r  mant l ing ,  which 
seems t o  extend i n t o  t h e  mare. 
from t h e  mare through t h e  mantling m a t e r i a l  t o  t h e  bench i n  t h e  
immediate v i c i n i t y  of t h e  landing area ( re f .  1 and 2). The 
geometry of t h e  area i s  shown i n  F igure  3 .  

A f r e s h  wr inkle  r i d g e  extends 

The primary geo log ica l  o b j e c t i v e s  of a mission t o  
L i t t r o w  ( r e f .  1, 2 ,  and 3 )  are: 

1. To sample t h e  m a r e  m a t e r i a l  and compare it w i t h  t h e  
material  r e tu rned  by Apollo from Mare T r a n q u i l l i t a t i s ,  
t o  t h e  immediate south.  

2.  To observe,  photograph, and sample t h e  s t r u c t u r e  of 
t h e  r idge .  

3 .  To sample t h e  mantling m a t e r i a l  and determine i t s  
age and composition. 

4 .  To i n v e s t i g a t e  t h e  c o n t a c t  between t h e  r i d g e  and 
mantl ing and determine t h e  age sequence. 

The f irst  objective can be met i n  t h e  area of t h e  LM landing  
p o i n t ,  i n  t h e  mare. The second o b j e c t i v e  can be achieved by a 
traverse along t h e  r i d g e  such as between p o i n t s  A and B i n  
F igu re  3 .  A t r a v e r s e  b e t w e e n  B and C would m e e t  t h e  t h i r d  
o b j e c t i v e ,  and t h e  f o u r t h  o b j e c t i v e  i s  m e t  a t  P o i n t  B. 

TRAVERSE ENVELOPE 

S ince  only  40  minutes a r e  a v a i l a b l e  f o r  a g e o l o g i c a l  
traverse i n  t h e  nominal EVA 1 t i m e l i n e ,  n e i t h e r  t h e  r i d g e  nor 
the  mantling i s  a c c e s s i b l e  dur ing  t h i s  EVA u n l e s s  a d e c i s i o n  on 
ex tens ion  of t h e  EVA can be made e a r l y  i n  t h e  EVA. I n  any case 
advanced planning of an EVA 1 traverse t o  these f e a t u r e s  cannot  
be performed w i t h  a 4 hour EVA. Thus, t h e  f i r s t  t r a v e r s e  i s  
l i m i t e d  t o  meeting t h e  f irst  objective--sampling of t h e  mare 
material .  The t h r e e  o t h e r  o b j e c t i v e s  must then  be m e t  on EVA 
2 ,  probably i n  a c i r c u i t  going, roughly,  f r o m  t h e  LM t o  p o i n t s  
A ,  B ,  and C and back t o  t h e  LM, o r  the reverse. 

Assuming t h a t  the  MET n e i t h e r  i n c r e a s e s  nor decreases 
t h e  a s t r o n a u t  walking speed of 3 . 3  km/hr, t h e  c i r c u i t  of 
approximately 4 km r e q u i r e s  about 1 . 2  hours of a c t u a l  walking 
by t h e  a s t r o n a u t s .  This  leaves  j u s t  under 1 1 / 2  hours t o  be 
u t i l i z e d  f o r  g e o l o g i c a l  and geophysical  tasks  a t  t h e  t r a v e r s e  
s t a t i o n s ,  e i t h e r  a t  t h e  p o i n t s  A ,  B ,  and C ,  or a t  any p o i n t s  
between them. The d i r e c t i o n  of t h e  t r a v e r s e  may be determined 
by t h e  manner i n  which extension of t h e  EVA would be used. 
S ince  t h e  d e c i s i o n  on extending t h e  EVA would probably come 
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r e l a t i v e l y  l a t e  i n  t h e  t r a v e r s e ,  t h e  area i n  which an ex tens ion  
can be m o s t  p r o f i t a b l y  used should f a l l  i n  t h e  l a t t e r  p o r t i o n  
of t h e  t r a v e r s e .  I f ,  f o r  i n s t a n c e ,  it would be d e s i r a b l e  t o  
spend t h i s  ex tens ion  a t  t h e  r i d g e ,  t h e  d i r e c t i o n  of t h e  traverse 
would probably be clockwise f r o m  C t o  B t o  A. 

The S e r e n i t a t i s  Bench, a l i t t l e  less than  4 km e a s t  
of t h e  landing  p o i n t ,  may be wi th in  t h e  o p e r a t i o n a l  l i m i t a t i o n  
of t h e  B/SLSS, depending upon f i n a l  d e c i s i o n s  r ega rd ing  maxi- 
mum emergency r e t u r n  walking r a t e  and t i m e  a v a i l a b l e  on t h e  
B/SLSS. I f  a t h i r d  EVA on A p o l l o  15  were t o  be cons idered ,  
approximately 1 / 2  hour could be spen t  a t  t h i s  objective.  A l t e r -  
n a t i v e l y ,  a t h i r d  EVA could be used t o  reexamine p o i n t s  of 
i n t e r e s t  noted on EVA 2 or  t o  i n v e s t i g a t e  o ther  a r e a s  of i n t e r e s t  
no t  v i s i t e d  i n  t h e  ear l ier  t r a v e r s e s .  

Objec t ives  2, 3 ,  and 4 may be moved c l o s e  t o g e t h e r  i n  
t h e  v i c i n i t y  of p o i n t  B. The c l o s e r  they are moved t o g e t h e r ,  
t h e  less d i v e r s i t y  i s  examined i n  t h e  t r a v e r s e ,  b u t  t h e  more 
t i m e  i s  a v a i l a b l e  f o r  sampling due t o  a reduced walking r equ i r e -  
ment. I f  t h e  p o i n t s  are moved f a r  enough a p a r t  so t h a t  only 
an excess ive ly  s m a l l  amount of t i m e  i s  available a t  each dur ing  
a s i n g l e  c i r c u i t ,  t h e  p o s s i b l e  advantages of a s p l i t  ALSEP 
deployment begin t o  be a t t r a c t i v e .  By s p l i t t i n g  ALSEP deploy- 
ment over 2 EVA'S ,  2 s h o r t e r  t r a v e r s e s  going i n  oppos i t e  direc- 
t i o n s  can be cons t ruc t ed  i n s t e a d  of t h e  s i n g l e  c i r c u i t .  T h i s  
t a c t i c  has  t h e  d i sadvantage ,  however, of r e q u i r i n g  more walking 
t i m e  i n  areas of lesser sc i en t i f i c  i n t e r e s t  ( t h e  mare) than  a 
c i r c u i t .  

CONCLUSIONS 

For a p o s s i b l e  Apollo 15  mission t o  L i t t row,  t h e  40 
minutes  a v a i l a b l e  fo r  a geo log ica l  t r a v e r s e  i n  a nominal l eng th  
f i rs t  EVA res t r ic t  t h i s  t r a v e r s e  t o  sampling of t h e  mare material  
i n  t h e  immediate v i c i n i t y  of the LM. I f  t h e  HFE i s  added t o  
t h e  ALSEP complement no t i m e  remains i n  t h e  nominal f i rs t  EVA 
f o r  a geo log ica l  t r a v e r s e .  The 2 1 / 2  hours a v a i l a b l e  for  a 
g e o l o g i c a l  t r a v e r s e  i n  EVA 2 permit  s l i g h t l y  less than  1 1/2  
hours  of s c i e n t i f i c  a c t i v i t y  a t  t h e  remaining primary objec t ives- -  
t h e  r i d g e ,  t h e  mantl ing,  and t h e i r  in te rsec t ion- -and  j u s t  over 
1 hour of t rave l  between t h e  p o i n t s  of i n t e r e s t .  

A t h i r d  EVA, i f  approved, could be used t o  v i s i t  t h e  
S e r e n i t a t i s  Bench, t o  reexamine i n t e r e s t i n g  obse rva t ions  made 
on previous  t r a v e r s e s ,  or t o  i n v e s t i g a t e  other areas of i n t e r e s t .  
Eva lua t ion  of t h e  op t ions  t o  deploy ALSEP on t h e  second EVA or 
t o  s p l i t  ALSEP deployment between EVA 1 and EVA 2 may r e v e a l  
b e n e f i t s  i n  g e o l o g i c a l  t r a v e r s e  planning.  Such a swi tch  i n  
A L S E P  deployment would, however, r e q u i r e  r eo rde r ing  of t h e  
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mission p r i o r i t i e s .  I f  t h e  -7 PLSS w e r e  a v a i l a b l e  for  Apollo 
15 and s u r f a c e  s tay t ime w e r e  extended s u f f i c i e n t l y  t o  u t i l i z e  
i t s  c a p a b i l i t y  e f f e c t i v e l y ,  2 EVA'S on t h e  o rde r  of 6 hours  
could be planned, providing s i g n i f i c a n t l y  g r e a t e r  t i m e  f o r  geo- 
l o g i c a l  sampling. I t  is  ques t ionab le ,  however, t h a t  t h i s  
added c a p a b i l i t y  could be used t o  as g r e a t  advantage a t  L i t t r o w  
as  a t  a l t e r n a t e  landing s i tes ,  and consequently t h e  a v a i l a b i l i t y  
of t h e  -7 PLSS f o r  Apollo 1 5  may tend  t o  make o ther  s i tes  
cons iderably  more a t t ract ive.  

2032-PB-meh 
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